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hydrogenous radiator 
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With 6 figures in the text 


Abstract 


An ionization chamber with a solid hydrogenous radiator for neutron meas- 
urements is described. The theoretical calculation of the sensitivity is experi- 
mentally verified with D—D-neutrons. The spectrum of the recoil-protons is 
measured with a 10-channel pulse amplitude analyser. 


Introduction 


Neutron counters with hydrogenous radiators are used for the measurement 
of relative and absolute neutron fluxes and for the determination of neutron 
energy distributions. Several different types of counters are possible. We have 
chosen a grid chamber with electron collection and a solid radiator. Neutron 
energies must often be measured in the presence of y-rays. Electron collection 
times are of the order of microseconds and thus the piling up of y-pulses can 
be held at a low level. The advantage of a solid radiator is that the sensitivity 
can be accurately calculated, the chemical composition of the radiator and the 
range-energy relation for the protons in the radiator being known. 


The ionization chamber 


The ionization chamber has 3 electrodes: a radiator electrode, a grid, and a 
collecting electrode (Fig. 1). The grid shields (with good efficiency) the collecting 
electrode from the influence of the positive ions, and thus the output pulse 
from the chamber will be directly proportional to the ionization and will not 
depend on the position of the ionizing track. 

The gas filling is cylinder argon vith 98.1 % Ar, 1.9 % Nz and less than 
0.0002 % O,. The gas pressure has been up to 10 atm. No purification of the 
gas has been necessary. 

Six different radiators can be put in the chamber at the same time. A simple 
magnetic coupling makes it possible to place the desired radiator in the meas- 
uring position. Thus measurements can be made with radiators of different 
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Fig. 1. The ionisation chamber. 


thickness and with a-particles (in order to get the energy scale) without refilling - 


the chamber. 
The voltage of the electrodes has been about — 2000 and — 1000 volts. 


The amplifiers and the pulse analyser 


The amplifiers are of a rather conventional type with negative feedback, 
careful screening, good filtering of the heater currents in the first valves, and 
carefully stabilized power-supplies. 

The pulse amplitude analyser has 10 channels, the bias voltage and the 
channel width being variable. The counting rate is limited by the mechanical 
registers to about 12 pulses per second. The analyser has been described else- 
where (1). 


The van de Graaff generator 


The experiments have been performed with D— D-neutrons from the 1 MeV- 
van de Graff generator at the Physics Department of the Royal Institute of 
Technology, Stockholm. The generator will be described elsewhere (2). 


The experimental results 


A block diagram of the experimental arrangement is given in Fig. 2. The 
monitoring ionization chamber is of the same type as the measuring chamber. 
Hxperiments were first carried out with the ionization chamber and the 
electronic equipment in order to test the resolution of the system. Electro- 
lytically deposited uranium was placed on the high voltage electrode and the 
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Fig. 2. Block diagram of the experimental arrangement. 


chamber filled with 1—2 atm. argon. The result of 4 overlapping measurements 
is shown in Fig. 3. The resolution is sufficient to show a U 235-peak between 
the U 238 and U 234-peaks. 

The radiators were first prepared from ordinary paraffin by distillation in 
vacuum. The results were not satisfactory. The reason may be that the com- 
position of the radiators changed during the distillation. We then tried ordinary 
candle stearin, which was melted on metal plates. They are easy to prepare 
but have the disadvantage of not being of quite uniform thickness. Further- 
more the exact chemical composition is unknown and the stearin reacts with 
the metal. But they give quite satisfactory results, so we never used the glyc- 
erol tristearate radiators, which were prepared later on and which will prob- 
ably be the best ones. 

When first using our chamber for neutron measurements, we had great dif- 
ficulty in getting reproducible results. The reason was that the sensitivity often 
changed after a new gas filling. We therefore constructed a new radiator elec- 
trode, in which six different samples could be placed on the same eccentric 
circular disc. Some gears and a magnetic coupling made it possible to change 
radiator without refilling the chamber (see Fig. 1). With this modification it 
was possible to make comparative measurements. 

The electrodes were gold-plated in order to diminish the zero-effect from 
hydrogen on the electrodes. The polystyrene insulators were surrounded by glass 
tubes for the same reason. 

The chamber was surrounded by a 2 mm sheet of cadmium in order to absorb 
the slow neutrons. The fast neutrons were collimated through a hole, 40 cm 
long and 2.5 cm in diameter in a paraffin box surrounding the chamber. 

The neutrons were produced by accelerating 600-keV-deuterons on to a thick 
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Fig. 3. Differential pulse-height distribution for a-particles of normal uranium. 


heavy-ice target. The measurements were made at an angle of 90° to the 
deuteron-beam. The neutron energy in this direction is 


where Q = 3.28 MeV (3) and V = the accelerating voltage, which gives 
En = 2.61 MeV. 


The neutrons in the 90° direction are almost mono-energetic and changes in 
the accelerating voltage do not have much influence on the measurements. 

The energy scale of the measurements was determined by a-particles from 
polonium, which have an energy of 5.40 MeV (4). 

Two different grids have been used, both consisting of parallel wires with 
the following data: 


Wire diameter 0.12 0.15 mm 
Spacing 25 1.0 mm 
Screening fraction 4.8 15 % 
Distance from collecting electrode 15 15° mm 
Amplification factor 20 120 
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Fig. 4. Differential pulse-height distribution of recoil protons obtained with the chamber, 
when the pressure was low. The thickness of the radiator is 2.5 mg/cm’. 


The screening fraction and the amplification factor are quantities used for 
triodes, and formulas for them are found in radio handbooks (5). The ampli- 
fication factor is a measure of the ability of the grid to screen the collecting 
electrode from the positive ions. 

The experiments show that the screening action of both grids is sufficient, 
if the pressure in the chamber is so high, that no ionization occurs within a 
distance of about 5mm from the grid. If the pressure is not high enough, 
that is to say, if the ends of the proton tracks with their high ionization lie 
in the vicinity of the grid, the screening action will to some extent disappear. 
The spectrum of the pulses will then tend to the spectrum that would be ob- 
tained without grid. A theoretical calculation shows that in this case (plane 
electrodes, no grid, electron collection) the spectrum has a peak at the high 
energy end. That is exactly what we found with low pressure in the chamber 
(see Fig. 4). 

If on the contrary we use a high pressure, we will get a larger number of 
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Fig. 5. Differential pulse-height distribution of recoil protons obtained with the chamber 
with radiators of different thickness. 


gas recoils, which will disturb the proton recoil spectrum. In our chamber gas 
we had 1.9 % Ns, which gives a maximum recoil energy of 0.25- Hp. The argon 
pulses have a maximum energy of 0.095 Ey». A good chamber gas should not 
contain any nitrogen. It was therefore necessary to make a compromise and 
use a pressure that is neither too low nor too high. We have made our neutron 
measurements at a pressure of 5.3 atm. 

The results of our measurements are given in Figs. 5 and 6. The theoretical 
curves are those calculated in (6). The theoretical energy limit is indicated by 
an arrow. At lower energies the experimental curves lie higher than the cal- 
culated ones on account of the gas recoils. The bias energy has been so chosen 
that we do not register any gas recoils. The four curves are all obtained after 
50000 pulses in the monitor chamber. 

The thickness of the radiators has been obtained by weighing. The range 
of the 2.61 MeV-protons in the stearine has been assumed to be 10.2 mg/cm?, 
which is the figure calculated by HrrscuretpeR and Macer (7) for protons in 
glycerol-tristearate C57H 4,903. The range of the protons in argon at NTP is 
11.4 cm; (7). 

The weights of the four radiators are 12.0, 4.7, 2.5, and 0 mg/cm”, which 


gives a relative thickness (;,) of 1.00 (1.18), 0.46, 0.25, and 0. 
0 


The agreement between the experimental and theoretical curves is as close 
as one could expect for the differential curves. But in the integral diagram 
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Fig. 6. Integral pulse-height distribution of recoil protons obtained with the chamber with 
radiators of different thickness. 


two of the radiators give values which lie lower than the theoretical curves 

; : t t : 

The error, which is about 8 % for R. = (0.46 and 15 % for jhe 0.25, may lie 
0 0 

‘sin the weighing, which is accurate to about 0.3 mg/cm? and in the calculation 

of the range of the protons in the radiator. The form of the experimental 


integral curves are in good agreement with the theoretical ones (compare 


= 0.40 and 0.20)- 


0 
The differential curves are of course a more rigorous test than the integral 
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